Corin is a serine protease that activates atrial natriuretic peptide (ANP). CORIN gene variants have been reported in patients with hypertension. To date, however, the prevalence of CORIN variants in hypertensive patients remains unknown. To understand the prevalence and functional significance of CORIN variants in hypertension, we sequenced CORIN exons in 300 normal and 401 hypertensive individuals in a Chinese population and identified nine nonsynonymous variants, of which eight were not characterized previously. Among them, variants c
INTRODUCTION
Atrial natriuretic peptide (ANP) is a cardiac hormone of physiological importance (de Bold, 2011; Song, Wang, & Wu, 2015) . In addition to its role in regulating sodium homeostasis and blood pressure, ANP is also involved in energy metabolism, vessel wall remodeling, and cardiovascular responses to stress Cui et al., 2012; Schlueter et al., 2014; Tokudome et al., 2009) . Variants in the human NPPA gene (MIM# 108780), encoding ANP, have been associated with blood pressure levels and major cardiovascular diseases, including hypertension, coronary artery disease, myocardial infarction, and stroke (Arora et al., Corin is a key protease in ANP generation (Armaly, Assady, & Abassi, 2013; . It converts the ANP precursor, pro-ANP, to active ANP (Yan, Wu, Morser, & Wu, 2000) . The corin function is essential for salt-water balance and normal blood pressure . To date, CORIN variants have been reported in patients with hypertension and heart disease. In African Americans, for example, a corin variant with reduced pro-ANP processing activity is associated with hypertension and cardiac hypertrophy (Dries et al., 2005; Rame et al., 2009 ). More recently, low plasma or serum corin levels have been reported in patients with heart failure (Dong et al., 2010; Ibebuogu, Gladysheva, Houng, & Reed, 2011; Zhou et al., 2016b) , coronary artery disease (Barnet et al., 2015; Peleg, Ghanim, Vered, & Hasin, 2013) , myocardial infarction (Zhang et al., 2016; Zhou et al., 2016a) , and stroke (Hu et al., 2016; Peng et al., 2015) , suggesting that corin deficiency may contribute to major cardiovascular diseases.
Human corin is a protein of 1,042 amino acids (Hooper, Scarman, Clarke, Normyle, & Antalis, 2000; Yan, Sheng, Seto, Morser, & Wu, 1999) . The CORIN gene (MIM# 605236) consists of 22 exons and spans > 200 kb in length (Pan et al., 2002) . Studies have shown that corin expression and activity are regulated at various levels, including gene expression (Lee et al., 2014; Pan et al., 2002) , cell surface targeting (Gladysheva, King, & Houng, 2008; Li et al., 2015; Liao, Wang, Chen, & Wu, 2007; Zhang et al., 2014) , zymogen activation , and proteolytic shedding Wang et al., 2015) . Genetic variants that impair corin biosynthesis and activity are expected to decrease ANP production, thereby contributing to hypertensive disease.
To understand the prevalence and functional significance of corin variants in hypertensive patients, we sequenced CORIN exons in a cohort of 300 normal and 401 hypertensive individuals. The variants identified were verified in a second cohort of 377 normal and 368 hypertensive individuals and by in vitro functional studies.
Here we report our findings of novel CORIN variants in hypertensive patients that impair corin intracellular trafficking and zymogen activation.
MATERIALS AND METHODS

Participants and blood samples
This study was approved by the ethics committee of the Soochow University. Informed consent was obtained from all participants. All experiments were conducted in accordance with the Declaration of Helsinki. Venous blood was obtained from normal (systolic and diastolic blood pressure of <120/90 mmHg with no hypertension history) and hypertensive (systolic and diastolic blood pressure of >140 and/or >90 mmHg, or having a history of hypertension and taking antihypertensive drugs) individuals. Blood pressure was measured by standard sphygmomanometry after seated rest. The first cohort included 300 normal and 401 hypertensive individuals. The second cohort included 377 normal and 368 hypertensive individuals. Supp. Table S1 shows the clinical characteristics of the participants.
Plasma Corin, NT-pro-ANP, and NT-pro-BNP
Plasma corin was measured by an enzyme-linked immunosorbent assay (ELISA) kit from R&D Systems (Minneapolis, MN) (Dong et al., 2010) . Plasma N-terminal (NT)-pro-ANP was measured by an ELISA kit from Biomedica (Maryland Heights, MO). Plasma NT-pro-B-type natriuretic peptide (NT-pro-BNP) was measured by the Elecsysۚ proBNP immunoassay kit from Roche Diagnostics (Indianapolis, IN). Experimental procedures were carried out according to manufacturers' instructions.
DNA sequencing
Genomic DNA was isolated from white blood cells with a Qiagen kit (Germany) and used in PCR to amplify CORIN exons and intron-exons boundaries. PCR fragments were sequenced directly using the Sanger method. Gene variants found were verified by another round of independent PCR analysis followed by DNA sequencing.
Expression plasmids
Plasmids expressing human wild-type (WT) corin and the activation cleavage site Arg801Ala (R801A) mutant corin and proprotein convertase subtilisin/kexin-6 (PCSK6) were described previously Knappe, Wu, Masikat, Morser, & Wu, 2003; Yan et al., 2000) . Plasmids expressing corin variants p.Tyr13Cys, p.Asp95Tyr, p.Leu334Trp, p.Arg349His, p.Arg525His, p.Arg530Ser, p.Pro866Ser, and p.Thr924Met were made by site-directed mutagenesis using the plasmid for WT corin as a template (Yan et al., 2000) . Corin and PCSK6 proteins encoded by these plasmids had a C-terminal V5 or FLAG tag used for detection by Western blotting.
Cell culture, transfection, and Western blotting
Human embryonic kidney 293 (HEK293) cells were cultured in DMEM with 10% fetal bovine serum at 37 • C in a humidified incubator with 5% CO 2 . Plasmids were transfected into the cells using PolyJet reagents (SignaGen, Gaithersburg, MD). After 48 hr, the conditioned medium was collected and the cells were lysed in a solution .
Corin protein fragments in the conditioned medium and cell lysates were analyzed by immunoprecipitation and Western blotting . X-ray films exposed to Western blots were analyzed by the CanoScan LiDE 110 scanner (Canon, Japan) and ImageJ software (NIH) to quantify the optical density of corin zymogen and the protease domain bands. The percentage of corin activation was calculated.
Pro-ANP processing assay
Corin-mediated pro-ANP processing was examined by a cell-based assay . Briefly, corin WT and variants were expressed in HEK293 cells. Conditioned medium containing human pro-ANP from stable cells was added to the culture at 37 • C. After 1 hr, the conditioned medium was collected. Pro-ANP and ANP were analyzed by immunoprecipitation and Western blotting. In these experiments, WT corin and the activation cleavage site R801A mutant were used as positive and negative controls, respectively ( Figure 1A ). 
Flow cytometry
To examine corin expression on the cell surface, flow cytometry was performed using an anti-V5 antibody (Invitrogen, Carlsbad, CA) or a nonspecific IgG control (Sigma, St. Louis, MO) followed by a fluorescein isothiocyanate (FITC)-conjugated secondary antibody, as described previously (Qi, Jiang, Zhu, & Wu, 2011) . Life-cell gating was performed using pyridinium iodide (Sigma, St. Louis, MO). The data were acquired by Calibur flow cytometer (BD Biosciences, San Jose, CA) and analyzed by FlowJo software (Tree Star, Ashland, OR).
Immunostaining
Corin-expressing HEK293 cells on coverslips were fixed with acetone and costained with a mouse anti-V5 antibody (Invitrogen, Carlsbad, CA) and a rabbit antibody against trans-Golgi network protein 46 (TGN46) (Sigma, St. Louis, MO), or a rabbit anticorin antibody (homemade) and a mouse antiprotein disulfide isomerase (PDI) antibody (BD Biosciences, San Jose, CA). In these experiments, a normal IgG (Sigma, St. Louis, MO) was used as a negative control. Secondary antibodies were conjugated with Alexa-488 (green) or 594 (red) (Invitrogen). DAPI (4 ′ ,6-diamidino-2-phenylindole dihydrochloride) was used to stain cell nuclei. Images were analyzed using a confocal microscope (Olympus, FV1000, Japan).
Molecular modeling
Corin frizzled-2 (Fz2) domain was modeled based on the human frizzled 4 Cys-rich domain structure (Shen et al., 2015) via the Swiss-Model server (Arnold, Bordoli, Kopp, & Schwede, 2006) . Corin protease domain was modeled based on the human plasminogen protease domain structure (Law et al., 2012) via the I-TASSER server (Zhang, 2008) . The model inspection and image generation were done by the PyMOL program (www.pymol.com), as described previously (Dong et al., 2014) .
Statistical analysis
Data were analyzed using the Prism 5 (GraphPad) and SPSS 18 (IBM) software and presented as mean ± SD. Comparisons between two groups were done by Student's t test. Multigroup comparisons were done by one-way analysis of variance (ANOVA) followed by Bonferroni's post hoc analysis. Time-course data of corin protein in cell lysate and conditioned medium by ELISA were analyzed by two-way ANOVA followed by Bonferroni's post hoc analysis. Comparisons of variants in two populations or in different genomic databases were done by chi-squared and Fisher exact tests. The correlation of Arg530Ser variant and hypertension was calculated by multivariate logistic regression and partial correlation analyses. A P value of < 0.05 was considered to be statistically significant.
RESULTS
Identification of CORIN variants
Corin is a multidomain serine protease ( Figure 1A ). We analyzed CORIN exons in a cohort of normal and hypertensive subjects and identified nine variants, including c.102_103insA
and c.2864C > T (p.Thr924Met) (Table 1) ( Figure 1B ). The p.Ser4ValfrTer26 variant was associated with hypertension, as we reported previously . p.Tyr13Cys, p.Asp95Tyr, . Table S2 ). Together, the p.Arg530Ser variant was found in 3/642 (0.47%) normal and 19/769 (2.47%) hypertensive individuals (P = 0.0029) (Supp. Table S2 ).
In multivariate regression and correlation analyses, in which age, gender, and heart disease are adjusted, the p.Arg530Ser variant was significantly associated with hypertension (Supp. Tables S3-5).
Among hypertensive individuals with p.Arg349His, p.Pro866Ser, p.Thr924Met, or p.Arg530Ser alleles, blood pressures (systolic and diastolic) were not statistically different (data not shown). All variants found in this study have been submitted to the LOVD v3.0 database (https://www.lovd.nl/CORIN).
We also analyzed the identified CORIN variants in the 1,000 genomes (1000G) (www.internationalgenome.org) and the Exome Aggregation Consortium (ExAC) (https://exac.broadinstitute.org) databases. The variants p.Ser4ValfrTer26, p.Tyr13Cys, p.Asp95Tyr, p.Leu334Trp, p.Arg525His, p.Pro866Ser, and p.Thr924Met, but not p.Arg349His and p.Arg530Ser, were found in these two databases (Supp . Table S6 ). Compared with those in the 1000G database, p.Ser4ValfrTer26, p.Tyr13Cys, p.Asp95Tyr, p.Pro866Ser, and p.Thr924Met had similar allelic frequencies, whereas p.Leu334Trp and p.Arg525His had higher allelic frequencies among normal individuals in our study (Supp . Table S7 ). In the ExAc database, p.Ser4ValfrTer26, p.Pro866Ser, and p.Thr924Met had similar, whereas p.Tyr13Cys, p.Asp95Tyr, p.Leu334Trp and p.Arg525His had lower, allelic frequencies compared with those in our study (Supp . Table S7 ).
Pro-ANP processing activity of corin variants
We tested the pro-ANP processing activity of the corin variants in transfected cells with WT corin and the activation cleavage site R801A mutant as positive and negative controls, respectively ( Figure 1A ).
Variants p.Tyr13Cys, p.Asp95Tyr, p.Leu334Trp, and p.Arg525His, which occurred similarly in normal and hypertensive individuals, had comparable activities to that of WT corin (Supp. Fig. S1 ). Among p.Arg349His, p.Arg530Ser, p.Pro866Ser, and p.Thr924Met, which occurred preferentially in hypertensive individuals, p.Arg530Ser and p.Thr924Met had reduced activities (25.1 ± 5.0 and 25.0 ± 4.9%, respectively; n = 9, both P values < 0.001 vs. 47.1 ± 86.3% in WT) ( Figure 1C ), whereas p.Arg349His and p.Pro866Ser had comparable activities to that of WT corin ( Figure 1E and F).
Corin is activated proteolytically at R801 ( Figure 1A in WT corin, Corin-p band levels were reduced in p.Arg530Ser and p.Thr924Met (21.5 ± 1.1 and 18.5 ± 0.9%, respectively; n = 9, both P values < 0.001 vs. 39.9 ± 1.7% in WT) ( Figure 1D ). Such reduction was not found in p.Arg349His (27.8 ± 3.4%; n = 4, P = 0.82 vs. 29.0 ± 3.8% in WT) ( Figure 1E ) and p.Pro866Ser (32.4 ± 1.8%; n = 3, P = 0.62 vs. 33.5 ± 1.1% in WT) ( Figure 1F ). As expected, the Corin-p fragment was absent in the R801A mutant control ( Figure 1A and D) . These results indicate that p.Arg530Ser and p.Thr924Met had impaired zymogen activation. 
TA B L E 1 CORIN variants in normal and hypertensive individuals
Cell surface expression of corin variants
Corin zymogen activation occurs on the cell surface . We examined the cell surface expression of p.Arg530Ser and p.Thr924Met by flow cytometry. In WT corin-expressing cells, 41.8 ± 2.3% were surface corin positive (Figure 2A ). The surface corinpositive cells were less in p.Arg530Ser-expressing cells (20.4 ± 1.9%, P < 0.001 vs. WT), whereas the number of surface corin-positive cells in p.Thr924Met-expressing cells was similar to that in WT (37.8 ± 2.9%, P = 0.53 vs. WT) (Figure 2A ). These results indicate that p.Arg530Ser, but not p.Thr924Met, had reduced cell surface expression.
Corin fragments in conditioned medium
Reduced cell surface corin levels could be due to reduced expression in the cells and/or increased proteolytic shedding into the culture medium. By ELISA, we examined corin levels in the lysate and conditioned medium from the transfected cells. Corin levels were similar in lysates from the cells expressing WT, p.Arg530Ser and p.Thr924Met
( Figure 2B ). In contrast, corin levels were lower in the conditioned media from the cells expressing the two variants (n = 6, both P values < 0.01 vs. WT) ( Figure 2C ).
We next analyzed corin fragments in the conditioned medium by Western analysis. Three fragments of 180, 160, and 100 kDa, respectively, were detected in WT corin-expressing cells ( Figure 2D ). As reported previously , the 180-kDa fragment was from metalloproteinase cleavage and the 160-and 100-kDa fragments were from corin autocleavage ( Figure 2E ). In the inactive R801A control, corin autocleavage fragments were absent. In p.Arg530Ser, levels of all three fragments were reduced ( Figure 2D and F) . In p.Thr924Met, levels of the 160-and 100-kDa, but not 180-kDa, fragments were reduced ( Figure 2D and F). These results indicate that the reduced cell surface expression of p.Arg530Ser probably was due to poor intracellular trafficking but not enhanced cell surface shedding. In contrast, p.Thr924Met had normal cell surface expression but impaired zymogen activation and hence reduced autocleavage activity. 
Subcellular localization of p.Arg530Ser and p.Thr924Met
We examined the subcellular distribution of the variant proteins by immunostaining. In HEK293 cells, WT corin had strong cell surface staining ( Figure 3A and B). p.Arg530Ser was found mostly in the endoplasmic reticulum (ER), as indicated by costaining with PDI (an ER marker) but not TGN46 (a Golgi marker) ( Figure 3A and B). In contrast, p.Thr924Met staining was mostly on the cell membrane ( Figure 3A and B). These results indicate that p.Arg530Ser was retained in the ER whereas p.Thr924Met was expressed on the cell surface.
Molecular modeling of p.Arg530Ser and p.Thr924Met
To understand the impact of p.Arg530Ser and p.Thr924Met changes on corin structure, we did molecular modeling analysis. The R530 side chain in the Fz2 domain makes a salt bridge with the residue E562 and hydrogen bonds with surrounding backbone oxygen atoms ( Figure 4A ).
The R530S substitution disrupts these hydrophilic interactions, reducing the local structural stability. In the protease domain ( Figure 4B ), the residue T924 is solvent-exposed. Its side-chain oxygen atom forms hydrogen bonds with the residue E921 side chain and backbone oxygen atoms. The T924 methyl group also forms the hydrophobic The ratio of Corin-p versus Corin bands was quantified. Data were from three independent experiments. *P < 0.05; **P < 0.01 versus WT; n.s.: not significant interaction network with C926, L920, and I949. The substitution of hydrophilic T924 by a long-chain hydrophobic Met disrupts the hydrogen bond and the hydrophobic network, which may cause protein instability and/or misfolding. The T924M substitution also increases surface hydrophobicity, decreasing protein solubility. These structural changes are expected to alter the local surface structure and possibly hinder the accessibility to the R801 zymogen cleavage site ( Figure 4B ).
Activation cleavage of corin variants by PCSK6
PCSK6 has been identified as a primary corin activator . We tested the effect of PCSK6 overexpression on p.Arg530Ser and p.Thr924Met in HEK293 cells. Corin protein in cell lysates and PCSK6 in the conditional medium were analyzed by Western blotting ( Figure 5A ). PCSK6 overexpression enhanced the activation cleavage in WT corin and p.Thr924Met, but not p.Arg530Ser, as indicated by levels of the cleaved Corin-p fragment ( Figure 5A and B). In the R801A
control, no cleaved Corin-p fragment was detected with or without PCSK6 overexpression ( Figure 5A ).
Effect of p.Arg530Ser expression on WT corin
We also examined the effect of p.Arg530Ser expression on the activation cleavage of WT corin. In transfected cells, levels of the Corinp fragment in WT and p.Arg530Ser were 42.1 ± 1.3 and 23.3 ± 1.9%, respectively (n = 5, P < 0.001) ( Figure 5C and D) . In the cells coexpressing WT and p.Arg530Ser, the level of the Corin-p fragment was decreased (32.4 ± 1.9 vs. 42.1 ± 1.3% in WT alone; n = 5, P < 0.01) ( Figure 5C and D) . In similar experiments, levels of the Corin-p fragment decreased when HEK293 cells were cotransfected with a fixed amount of WT corin plasmid and increasing amounts of p.Arg530Ser plasmid ( Figure 5F ). These results indicate a dominant-negative effect of p.Arg530Ser on WT corin activation in these cells.
Plasma corin, NT-pro-ANP, and NT-pro-BNP levels
We next measured plasma corin levels in individuals with WT and p.Arg530Ser alleles. The level in 264 normal individuals with the WT allele was 0.86 ± 0.03 ng/ml ( Figure 6A ). The level in 11 individuals with the p.Arg530Ser allele was lower than that in the normal group (0.59 ± 0.05 ng/ml, P = 0.002) but similar to that in the hypertensive group (0.62 ± 0.1 ng/ml, P = 0.618) ( Figure 6A ). Plasma NT-pro-ANP level in 10 randomly selected normal individuals with the WT allele was 0.85 ± 0.16 nmol/L, whereas the level in 10 hypertensive individuals with the p.Arg530Ser allele was higher at 2.06 ± 0.27 nmol/L (P = 0.001) ( Figure 6B ). In contrast, plasma NT-pro-BNP levels in six normal individuals with the WT allele and 10 hypertensive individuals with the p.Arg530Ser allele were similar (27.67 ± 9.59 and 34.1 ± 9.11 pg/ml, P = 0.652) ( Figure 6C ). 
DISCUSSION
Genetic factors that alter sodium homeostasis play a key role in the pathogenesis of hypertension. It has been shown that abundant gene variants exist in human populations and that many minor variants are deleterious and relevant to disease (Tennessen et al., 2012) .
Corin is a key protease in the natriuretic peptide system that regulates sodium homeostasis and blood pressure .
In this study, we examined hypertension-associated CORIN variants in a Chinese population and identified nine nonsynonymous CORIN variants, one of which, p.Ser4ValfrTer26, is a previously reported variant associated with hypertension . Among the remaining eight, p.Arg349His, p.Pro866Ser, and p.Thr924Met were found once each in hypertensive patients, suggesting that these are likely sporadic mutations occurred in individual families. In contrast, p.Arg530Ser occurred preferentially in hypertensive individuals in two independent cohorts. Multivariate regression and correlation analyses showed significant association of p.Arg530Ser with hypertension.
In functional studies, p.Arg530Ser had impaired pro-ANP processing activity.
By analyzing public genomic databases, we found that p.Ser4ValfrTer26, p.Tyr13Cys, p.Asp95Tyr, p.Leu334Trp, p.Arg525His, p.Pro866Ser, and p.Thr924Met were present, whereas p.Arg349His and p.Arg530Ser were absent in the 1000G and ExAC databases.
The allelic frequencies of p.Ser4ValfrTer26, p.Tyr13Cys, p.Asp95Tyr, p.Leu334Trp, p.Arg525His, p.Pro866Ser, and p.Thr924Met in our study were comparable to those in the 1000G database, but mostly higher than those in the ExAc database that was predominantly from European individuals (60.4% vs. 7.1% Asian individuals) (Lek et al., 2016) . These results suggest that p.Arg530Ser may be a hypertensionrelevant variant specific among the Han Chinese. In our genomic sequencing studies, we did not detect p.Thr555Ile/Gln568Pro variant that occurs in ∼10% of African Americans and is linked to hypertension and heart disease (Dries et al., 2005; Rame et al., 2009) . These data support the idea that the majority of disease-relevant rare variants are population specific (Tennessen et al., 2012) .
Corin is synthesized as a zymogen . We found that p.Arg530Ser and p.Thr924Met had impaired zymogen activation, which likely accounted for their reduced activities. As indicated by immunostaining, p.Arg530Ser protein was retained in the ER (Figure 3 ). In agreement with this finding, the variant expression was low on the cell surface and in the conditioned medium, as shown by flow cytometry and Western blotting (Figure 2 ). PCSK6 is a primary protease that activates corin on the cell surface but not intracellularly . The ER retention is expected to reduce the cell surface expression and zymogen activation of p.Arg530Ser. Consistently, PCSK6 overexpression did not enhance p.Arg530Ser activation ( Figure 5A Consistent with the cell-based studies, individuals with the p.Arg530Ser allele had low levels of plasma corin and high levels of plasma NT-pro-ANP ( Figure 6A and B), indicating that reduced p.Arg530Ser expression and activity impaired pro-ANP processing in vivo. In these individuals, plasma NT-pro-BNP levels were similar to that in normal controls ( Figure 6C ), suggesting that pro-BNP processing was not affected by p.Arg530Ser. Impaired pro-ANP, but not pro-BNP, processing was also found in corin knockout mice . Recent studies indicate that in the absence of corin, the proprotein convertase furin may be a primary protease to activate pro-BNP in vivo (Nishikimi et al., 2015) .
Like p.Arg530Ser, p.Thr924Met also had reduced zymogen activation and pro-ANP processing activity ( Figure 1C and D) . The mechanisms underlying the defects of these two variants, however, are different. p.Thr924Met expression on the cell surface was normal, as shown by flow cytometry and immunostaining (Figures 2A and 3) . Thus, a significant percentage of p.Thr924Met protein on the cell surface is likely in the zymogen form. This is consistent with low levels of the 160-and 100-kDa autocleavage fragments in the conditioned medium but normal level of the 180-kDa fragment that was from metalloproteinase cleavage ( Figure 2D and F). Molecular modeling indicated that T924M substitution alters the structure of a surface loop adjacent to the R801 activation site ( Figure 4B ), which may hinder corin zymogen activation. In transfected cells, PCSK6 overexpression increased p.Thr924Met zymogen activation ( Figure 5A and B) , supporting the idea that the variant was expressed on the cell surface but less susceptible to PCSK6-mediated activation cleavage.
To date, several variants that impair corin function have been reported in hypertensive patients Dong et al., 2013 Dong et al., , 2014 Dries et al., 2005 (Dong et al., 2014) , p.Arg539Cys induces autocleavage and inactivation (Dong et al., 2013) , and p.Thr555Ile/Gln568Pro prevents PCSK6-mediated activation Wang et al., 2008) . Thus, variants in the same gene region may have entirely different impacts on corin protein biosynthesis and posttranslational modifications, which ultimately reduce corin activity and function.
In summary, we identified nine CORIN variants in a Chinese population, of which eight were characterized for the first time. In functional studies, we showed that p.Arg530Ser and p.Thr924Met had reduced pro-ANP processing activity due to ER retention and impaired PCSK6-mediated zymogen activation, respectively. These findings are novel, indicating that genetic variants that impair corin function are not uncommon in general populations. It should be pointed out that this study was conducted in a Chinese population with a relatively small sample size. Some of the CORIN variants identified in our study appear to be population specific. The findings from the in vitro experiments need to be validated in vivo, such as mouse models. Further studies of CORIN variants in different populations should help to assess corin defects in hypertension in general. Analysis of the naturally occurring variants should also provide important insights into the key steps in the regulation of corin biosynthesis and activation.
